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AbstrACt
Objectives This study examined the relationship between 
environmental correlates and children’s sedentary time 
(ST), light physical activity (LPA) and moderate-to-vigorous 
physical activity (MVPA) in preschool children.
Design Cross-sectional study
setting A birth cohort in Drenthe, a northern province and 
relatively rural area of the Netherlands.
Participants Valid data both for the ActiGraph and the 
questionnaire were obtained from 505 child–parent 
pairs.
Primary and secondary outcome measures ST, LPA 
and MVPA of children were objectively measured by 
ActiGraph accelerometry (minimum three wearing days, 
more than 10 hours/day). Environmental correlates were 
collected using a questionnaire reported by parents 
that included household characteristics, parental and 
children’s PA behaviours and neighbourhood environment 
(eg, traffic safety, road network and presence of PA 
facilities). Potential correlates were identified using linear 
regression analysis, adjusted by age, gender, siblings, 
and maternal age and education level. Ordinary least 
square regression-based path analysis was used to 
estimate direct and indirect effects on activity outcomes 
in mediation models.
results Linear regression analysis showed that ‘parents 
taking children to play sports’ was related to less ST, 
more LPA and MVPA; more outdoor play was also related 
to less ST and more LPA, but not MVPA. Parents who 
perceived more PA facilities in their neighbourhood 
showed more support for ‘taking children to play sports’, 
and this was associated with less ST or more MVPA 
compared with children living with less PA facilities in 
their neighbourhood. No evidence was found for a relation 
between traffic safety or road network with ST, LPA and 
MVPA.
Conclusions This study indicated that parental support 
and child outdoor play may influence children’s daily PA 
patterns. Convenient neighbourhood PA facilities, such 
as parks and playgrounds, had an indirect effect through 
parental support associated with lower children’s ST and 
higher MVPA, even in relatively rural areas.
IntrODuCtIOn
The trend of physical inactivity is increasing 
rapidly in most societies around the world, 
equally in adults as well as in young people.1 
Preschool years are a critical period of 
cognitive development and for the devel-
opment of lifelong health habits,2 3 for 
example, energy-balance-related behaviours, 
including physical activity (PA) and seden-
tary behaviours (SB). The promotion of 
children’s PA in their early years has become 
an important public health aim because it is 
associated with multiple health indicators. 
A systematic review has summarised that 
increased or higher PA was favourably associ-
ated with children’s bone and skeletal health, 
motor skill development, psychosocial health, 
cognitive development and cardiometabolic 
health.4 It also becomes more and more 
evident, that the preschool years are a crit-
ical period for the development of childhood 
obesity.5 Unlike PA, SB are a distinct group 
of behaviours; high levels of SB can be accu-
mulated even when children meet PA recom-
mendations. Excessive SB may have adverse 
health consequences, for example, higher 
durations/frequencies of screen time and 
strengths and limitations of this study
 ► The study was conducted in a relatively rural setting, 
a setting that has rarely been studied before.
 ► Sedentary time and physical activity were objective-
ly measured in detail using an accelerometer device.
 ► The cohort was representative of the general pop-
ulation in terms of socioeconomic position and no 
strong bias of highly educated parents was present.
 ► The study is cross-sectional and therefore, the di-
rection of causality cannot be inferred.
 o
n




pen: first published as 10.1136/bmjopen-2018-027468 on 14 May 2019. Downloaded from 
2 Lu C, et al. BMJ Open 2019;9:e027468. doi:10.1136/bmjopen-2018-027468
Open access 
television viewing were associated with obesity risk in 
school-aged children and youth.6 
From an ecological perspective, it is vital to focus not only 
on the individual determinants of PA but also on determi-
nants in the social (eg, family) and physical (eg, neigh-
bourhood) environments.7 The relationship between 
family, neighbourhood environments and children’s PA 
levels is supported by multiple studies. For example, two 
reviews found consistent evidence that parental PA and 
support were positively associated with children’s PA.8 9 
Parental PA was associated with directly measured PA in 
young Dutch children.10 Besides, preschool children are 
highly dependent on their parents to create opportunities 
for diminishing their sedentary time (ST).11 In addition 
to parental influence, built environmental characteristics, 
such as road and sidewalk infrastructure and traffic safety, 
could affect children’s PA, since these may influence 
children’s mode of transportation or their opportunities 
for playing outside.12 A report demonstrated that each 
additional hour spent outdoors was associated with seven 
additional minutes of moderate-to-vigorous PA (MVPA) 
and 13 min less in ST among 7–14-year-old Canadian chil-
dren per day.13 For preschool children, the correlation 
between outdoor play, objectively measured total PA and 
ST needs to be assessed, as outdoor time may be a good 
opportunity for children to be active.14 When investigating 
how more time can be spent in high-intensity activity, it is 
necessary to take into account that lifestyle behaviours do 
not exist in isolation.15 16 A change in any behaviour must 
be done at the expense of one of the other behaviours, 
and each intensity of activity should be studied in relation 
to changes in other intensities, for example, ST, light PA 
(LPA) and MVPA.17
Parental perceptions of neighbourhood environmental 
characteristics may have a particular impact on chil-
dren’s PA level, since parents are most often the main 
decision-makers with regard to their child’s activities.18 19 
Understanding the impact of the built environment on 
PA among young people is especially important for the 
design of effective interventions. First of all, intervention 
needs to be encouraged starting at an early age, since 
health benefits of sufficient PA during preschool years are 
increasingly being recognised.4 20 Second, the literature 
shows that interventions focused on behaviour modifi-
cation that target individuals have limited effects on PA 
improvements, suggesting that supportive policies, along 
with social and physical environments, are required to 
support effective interventions.7 21 Third, changes in built 
environments and policies are expected to have long-term 
impact on most of the people living in those places, for 
example, by enhancing PA or reducing obesity.7 However, 
the number of studies investigating the correlates of 
family, built environment and objectively measured ST, 
LPA and MVPA in preschool children is limited.22 23
Studies from developed countries have found a higher 
prevalence of obesity in rural areas.24 Compared with 
urban populations, people living in rural areas could 
be limited in their facilities for PA.25 At the same time, 
little is known about how these environmental factors are 
related to ST and total PA in rural populations, especially 
in young children.
The aim of this cross-sectional study was to examine 
whether neighbourhood characteristics are related to 
ST and total PA—divided into LPA and MVPA—objec-
tively measured by accelerometry in preschool chil-
dren from the Groningen Expert Centre for Kids with 
Obesity (GECKO) Drenthe birth cohort. The province 
of Drenthe is a relatively sparsely populated rural area 
with a population density of 183 per km2 in the year 2017, 
where, unlike in many other parts of the Netherlands, the 
land use is mainly for agriculture. It is hypothesised that 
children living in a supportive neighbourhood environ-
ment at 45 months (eg, more PA facilities) will be more 
active compared with those living in a non-supportive 
environment, even in relatively rural areas. Furthermore, 
it will be explored how parental behaviours mediate the 
correlations between environmental characteristics and 
the child’s daily activity patterns.
MethODs
GeCKO Drenthe birth cohort
Data were derived from the GECKO Drenthe birth 
cohort, which focuses on the development of overweight 
and obesity in children living in Drenthe, a northern 
province of the Netherlands. Details of the study have 
been reported elsewhere.26 All mothers of children born 
between April 2006 and April 2007, and living in Drenthe, 
were invited to participate during the third trimester of 
their pregnancy. At baseline, parents of 3875 children 
intended to participate in the study, but only 2874 actu-
ally ended up participating.
Data collection
Questionnaire data used in this study were collected 
by a series of questionnaires during the cohort 
follow-up.26 Child and family information including birth 
dates of family members, parental educational levels 
and ethnicity were collected at baseline. At follow-up, 
changes in number of siblings and family members 
were reported. Questionnaires for parents about envi-
ronmental correlates were handed out during visits to 
the Well Baby Clinic when the child was 45 months of 
age. Children who had complete data on environmental 
correlates were selected as potential participants for this 
study. Flowchart of the participants used in this study is 
shown in figure 1. When children were in their second 
year of preschool, around 5–6 years, trained Youth 
Health Care nurses measured height and weight as part 
of a regular health screening. Overweight and obesity of 
children were classified according to the age-specific and 
gender-specific cut-offs of Cole and Lobstein.27 Parental 
educational level, as an indicator of socioeconomic status 
in the Netherlands, was assessed as low/middle education 
or higher vocational education and university.28
 o
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environmental correlates
Environmental correlates were assessed (2010–2011) 
using a Dutch questionnaire developed by Aarts et al, 
and the level of internal consistency of the scales was 
acceptable in this study.29 Parents/guardians reported 
their household characteristics (type and ownership 
of house, number of cars, and presence of garden and 
dog), their behaviours (taking child cycling/to play 
sports/accompanying going out) and their children’s 
PA behaviours (outdoor play, regular cycling and going 
out by bicycle). The child’s outdoor play was reported by 
parents in frequency and duration, and given in hours 
per week. Parents reported their perception of the traffic 
situation (Cronbach's α=0.708) and road network (Cron-
bach's α=0.631) in their neighbourhood in terms of two 
concepts. Each concept included five items, and each 
item had five options from ‘totally disagree’ to ‘totally 
agree’. For a better understanding of the effect of envi-
ronmental correlates, all items for each concept were 
combined into one dichotomised variable (favourable vs 
less favourable situation). For the presence of PA facilities 
(Cronbach's α=0.651), parents reported their presence 
for six items (eg, park and playground) within a defined 
distance in their neighbourhood (eg, within a 5 min’ walk 
or 20–30 min). A distance index was made combining the 
six places together; a higher score meant all places were 
close to their home.
st and PA
ST, LPA and MVPA in children were assessed using Acti-
Graph GT3X (ActiGraph, Pensacola, FL, USA) accelerom-
etry (2011–2013), with an average age of (5.6±0.9) years. 
Details of the measurements have been reported else-
where.30 The ActiGraph has been shown to be a reliable 
and valid device to measure PA volume and intensity in 
preschool children.31 Parents were instructed to have their 
child wear the ActiGraph on the iliac crest of the right 
hip with an elastic belt for four consecutive days—with at 
least one of the days being during the weekend—for all 
waking hours, except when bathing or swimming. Data 
were collected using a frequency of 30 Hz. Collected data 
were analysed in 15 s epochs. The accelerometer wear and 
non-wear time were classified as recommended by Choi 
et al, and cut-off points for calculating time spend in ST, 
LPA and MVPA were recommended by Butte et al. All chil-
dren with wear time ≥14 hours/day were checked manu-
ally for sleeping time.32 33 For valid measurements in this 
study, wear time had to be at least 10 hours/day for at least 
3 days, regardless of whether these were week or weekend 
days. Time spent for ST, LPA and MVPA were calculated as 
means over at least three wearing days. ST, LPA and MVPA 
together add up to the total activity of that day.
statistical analysis
Continuous variables were presented as means with SDs, 
or, if data were skewed, as the median with 25th–75th 
Figure 1 Flowchart of the participants in the GECKO study, 
the Netherlands. 
Table 1 Characteristics of the study population in the 
GECKO study, the Netherlands
Characteristics (n=505) Total
Age of the child at questionnaire 
interview (years), mean (SD)
3.9 (0.2)
Age of the child at physical activity 
measurement (years), mean (SD)
5.6 (0.9)
Maternal age (years), mean (SD) 37.0 (4.2)
Paternal age (years), mean (SD) 39.6 (4.6)
Body mass index, median (25th; 75th) 15.7 (15.0; 16.6)
  Obesity and overweight, n (%)* 53 (12.1)
  Normal weight/underweight, n (%) 386 (87.9)
Ethnicity, n (%)
  Dutch 472 (94.8)
  Non-Dutch 26 (5.2)
Maternal education, n (%)
  Low/middle 290 (57.4)
  High 215 (42.6)
Paternal education, n (%)
  Low/middle 305 (60.4)
  High 200 (39.6)
Having siblings, n (%)
  Yes 450 (89.1)
  No 55 (10.9)
Single-parent family structure, n (%)
  Yes 48 (9.5)
  No 457 (90.5)
Physical activity patterns (min/day)
  Sedentary time, mean (SD) 372 (54)
  Light physical activity, mean (SD) 266 (39)
  Moderate and vigorous physical 
activity, median (25th; 75th)
61 (48; 80)
*Overweight based on Z-scores Cole 5 years, n=66 missing.
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percentile. Categorical variables were presented as rates 
in number and percentages. Dependent skewed vari-
ables were natural logarithm (ln)-transformed for linear 
regression. To examine the differences of characteristics 
between children with ActiGraph data included in the 
analyses to children lacking questionnaire data, t-test was 
used for normally distributed continuous variables and 
Mann-Whitney U test was used for non-normal distrib-
uted continuous variables. Differences in categorical 
variables were tested by χ2 test. To determine the relation-
ships between potential correlates and outcomes, linear 
regression analysis adjusted for child and family factors 
was used. Then all significant variables (normal distribu-
tion) and outcomes were checked by Pearson correlation, 
or Spearman correlation was used if data were skewed. 
Ordinary least square regression-based path analysis was 
used to estimate direct and indirect effects on ST and 
MVPA in mediation models with the PROCESS macro 
for SPSS (Hayes, 2018, http://www. afhayes. com/). The 
independent variable was ‘number of PA facilities’ in the 
model, with ‘parents taking children to play sports’ as 
mediator, since ‘parents taking children to play sports’ 
was correlated with both ‘number of PA facilities’ and 
outcomes of ST/MVPA. No mediation analysis was used 
for LPA, since it was not correlated with ‘number of PA 
facilities’. Besides, age, gender, having siblings, maternal 
age, education level and child outdoor play were all 
included as covariates in the mediation models. For the 
indirect effects, 10 000 bootstrap samples were used for 
bias-corrected bootstrap CIs, and a statistically signiﬁcant 
indirect effect existed if the CI did not include zero. IBM 
SPSS Statistics V.22 for Windows was used for this study, 
with test level α=0.05, and analyses were conducted in 
2017.
Patient and public involvement
There was no patient involvement in the development 
of the research question or the selection of outcome 
measures. Results of this study are disseminated in a news-
letter and on the website.
results
A total of 940 children, aged (3.9±0.2) years, had valid 
data on parents’ perception of neighbourhood environ-
mental correlates, while 1146 children, aged 4–7 years, 
had valid ActiGraph data. Combined, 505 child–parent 
pairs had data both for the ActiGraph and the question-
naire, and were available for analysis (figure 1). Missing 
data for neighbourhood characteristics were mainly 
attributable to logistical and organisational problems, 
since the Well Baby Clinics services’ paper files were digi-
tised during the data collection period (2010–2011) in 
Table 2 Correlates between child and family factors, and daily activity patterns among preschoolers in the GECKO Drenthe 
study, the Netherlands





β (95% CI) β (95% CI) β (95% CI)
Gender 0–1 0=male, n=270 
(53.5%); 1=female, n=235 
(46.5%)
5.1 (−4.4 to 14.7) 1.6 (−5.1 to 8.4) −0.197 (−0.261 to −0.133)
Age at PA 
measurement
3–7 5.6 (0.9) (years) 20.9 (15.6 to 26.1) −16.2 (−20.0 to −12.5) 0.031 (−0.008 to 0.070)
Maternal education 0–1 0=low/middle, n=290 
(57.4%); 1=high, n=215 
(42.6%)
10.7 (1.2 to 20.3) −7.4 (−14.2 to −0.6) −0.015 (−0.082 to 0.052)
Paternal education 0–1 0=low/middle, n=305 
(60.4%); 1=high, n=200 
(39.6%)
10.0 (0.3 to 19.7) −2.1 (−9.1 to 4.8) −0.042 (−0.109 to 0.026)
Maternal age 26–50 37.0 (4.2) (years) 2.2 (1.0 to 3.3) −0.3 (−1.1 to 0.5) −0.004 (−0.012 to 0.004)
Paternal age 26–58 39.6 (4.6) (years) 1.2 (0.1 to 2.2) −0.2 (−0.9 to 0.5) 0.000 (−0.007 to 0.008)
Having siblings 0–1 0=no, n=55 (10.9%); 1=yes, 
n=450 (89.1%)
−15.9 (−31.1 to −0.7) 8.6 (−2.3 to 19.4) 0.174 (0.068 to 0.279)
Single-parent family 
structure
0–1 0=no, n=457 (90.5%); 1=yes, 
n=48 (9.5%)
9.2 (−7.0 to 25.4) −4.4 (−15.9 to 7.1) −0.022 (−0.135 to 0.091)
Ethnicity 0–1 0=Non-Dutch, n=26 
(5.2%); 1=Dutch, n=472 
(94.8%)
3.3 (−18.3 to 24.8) 4.8 (−10.6 to 20.1) −0.028 (−0.178 to 0.121)
Body mass index 13–22 15.9 (1.3), n=439 (86.9%) −1.0 (−4.9 to 2.9) 2.3 (−0.6 to 5.1) 0.017 (−0.011 to 0.044)
For binary variables, the group with zero was defined as the reference group.
Bold: p value<0.05. 
ln, natural logarithm; LPA, light physical activity, means by minutes per day; MVPA, moderate-to-vigorous physical activity, ln transformation 
of means by minutes per day; PA, physical activity; ST, sedentary time, means by minutes per day.
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Drenthe. The characteristics of the study population are 
presented in table 1.
When comparing children with ActiGraph data 
included in the analyses to children lacking questionnaire 
data (n=641), the ST, LPA and MVPA were comparable 
(p>0.05). Meanwhile, gender distribution was compa-
rable between this study group (n=505, boys=53.5%) and 
the total population of GECKO (n=2874, boys=50.3%, 
p>0.05). However, the children included in this study 
showed a higher level of maternal education (42.6%) 
compared with the total population (34.9%, p<0.05). 
This study showed that higher-level education mothers 
were more likely to finish both the questionnaire and the 
measurement of children’s daily activities. Missing data of 
this study group was not imputed, due to a small propor-
tion that was missing (less than 3%).
The associations of child and family factors with chil-
dren’s ST, LPA and MVPA by linear regression analysis are 
given in table 2. Girls showed less MVPA than boys. Chil-
dren’s age and higher maternal educational level were 
positively associated with ST and negatively associated with 
LPA. Higher paternal educational level and older parents 
determine children with higher ST. Children with siblings 
showed lower ST and higher MVPA. Single-parent house-
hold, ethnicity and body mass index were not associated 
with outcomes. Thus, potential environmental correlates 
were analysed by adjusting for children’s gender and age, 
maternal age and educational levels, and having siblings. 
Paternal age and education were not included due to 
collinearity with maternal factors (r=0.656, p=0.000; 
r=0.343, p=0.000, respectively).
Environmental correlates of children’s ST, LPA and 
MVPA by linear regression analysis are presented in 
table 3. This study indicated that none of the household 
characteristics was related to children’s ST, LPA or MVPA. 
From parents’ perception of neighbourhood environ-
mental correlates, no evidence was found for traffic safety 
or road network in relation to these outcomes. The results 
showed that children spent less time on ST if parents 
reported more PA facilities within 5 min’ walking distance 
(β=−3.6), and showed more MVPA if parents reported 
more facilities within 30 min’ walking distance (β=0.027) 
or more facilities close to their house as summed together 
(distance index) (β=0.007). For parents’ behaviours, 
taking children to play sports was inversely related to 
children’s ST (β=−7.9), and positively to LPA (β=5.3) and 
MVPA (β=0.068). For children’s PA behaviours, more 
outdoor play was related to lower ST (β=−1.0) and higher 
LPA (β=0.8), but not MVPA.
Correlations between significant variables and outcomes 
are presented in table 4. This study indicated that ‘parent 
taking child to play sports’ correlated with all variables 
in the table except for ‘child’s outdoor play’. ‘Facilities 
within 5 min’ walk’ negatively correlated with children’s 
ST (r=−0.101, p<0.05), ‘facilities within 30 min’ walk’ posi-
tively correlated with children’s MVPA (r=0.105, p<0.05) 
and ‘distance index’ correlated with both ST (negatively, 
r=−0.090, p<0.05) and MVPA (positively, r=0.094, p<0.05). 
Path coefficient models were used for investigating the 
role of parental support acting as mediator in the associ-
ations between numbers of PA facilities and ST/MVPA. 
As shown in figure 2, for both of the two path models, 
the indirect effect of parental support between facilities 
and children’s ST/MVPA was significant (path coeffi-
cients [95% CI] for ST: −0.4 [–1.1 to –0.0] and path coef-
ficients [95% CI] for MVPA [ln]: 0.004 [0.001 to 0.009]). 
If parents perceived more PA facilities in their neighbour-
hood, they showed more support for ‘taking children to 
play sports’, and this was associated with less ST or more 
MVPA compared with children living with less PA facilities 
in their neighbourhood. The indirect effect of ‘parent 
taking child to play sports’ was also significant between 
‘distance index’ and children’s ST/MVPA; this data is 
shown in online appendix figure A.
DIsCussIOn
This study examined how neighbourhood characteristics 
are associated with daily activity patterns in preschoolers. 
The results showed that parental support for participating 
in sports was related to less ST, more LPA and MVPA. 
Furthermore, parental support also acted as mediator in 
the associations between numbers of PA facilities and chil-
dren’s activities, for example, lower ST and more MVPA. 
Moreover, children who spent more time in outdoor play 
were also less sedentary and more active in LPA, though 
not in MVPA.
The accessibility of recreational PA facilities would 
seem to have an influence on daily activity patterns 
among preschool children, since these facilities are the 
most common places for children to be active. A previous 
review found a significant positive association between 
the proximity of parks and playgrounds to the home 
and children’s PA.34 But much of the research on the 
correlation of built environment characteristics and PA 
took place in urban areas.35 This study indicated that 
improving recreation facilities may be a useful strategy 
in developing an active neighbourhood, even in rural 
areas. Moreover, for PA promotion in young children, 
parental help is important. Parents were able to influence 
their children’s participation in PA through a variety of 
mechanisms, for example, direct parental display of PA; 
higher maternal PA was related to more preschool chil-
dren’s MVPA in another study of the GECKO cohort.10 
Parental influence is most definitely important for the 
promotion of PA, especially when parents give their chil-
dren the opportunity to be more active, for example, by 
encouraging playing outside or playing more sports.12 36 
Furthermore, from the point of view of social cognitive 
theory, involvement of both individual factors and envi-
ronmental components are essential to affect changes in 
health behaviour.37 Thus, families living in a supportive 
neighbourhood may have more opportunities to be phys-
ically active, and active parents may be more aware of 
available facilities in their neighbourhoods; as a result, 
they are more likely to make use of these facilities for 
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Table 3 Correlates between environmental characteristics and daily activity patterns among preschoolers in the GECKO 
Drenthe study, the Netherlands
Variable Range
Descriptive data
n (%)/median (25th; 75th)
ST LPA MVPA
β (95% CI) β (95% CI) β (95% CI)
Household characteristics
  Cars 0–1 0=one car, n=184 
(36.6%); 1=more than two cars, 
n=319 (63.4%)
−6.2 (−15.6 to 3.2) 5.5 (−1.1 to 12.2) 0.000 (−0.067 to 0.068)
  Type of house: detached 
house
0–1 0=others, n=322 
(63.9%); 1=detached house, n=182 
(36.1%)
1.6 (−8.0 to 11.2) −2.2 (−9.0 to 4.6) 0.012 (−0.056 to 0.081)
  Type of house: semidetached 
house
0–1 0=others, n=324 
(64.3%); 1=semidetached house, 
n=180 (35.7%)
−0.1 (−9.4 to 9.2) −2.1 (−8.8 to 4.5) −0.002 (−0.068 to 0.065)
  Type of house: row house 0–1 0=others, n=432 
(85.7%); 1=row house, n=72 (14.3%)
4.0 (−8.9 to 16.9) 2.8 (−6.3 to 11.9) −0.027 (−0.119 to 0.065)
  House ownership 0–1 0=privately owned, n=460 
(93.5%); 1=rental house, n=32 (6.5%)
1.0 (−17.4 to 19.4) −3.5 (−16.5 to 9.5) 0.073 (−0.059 to 0.206)
  Dog in the house 0–1 0=no, n=404 (80.5%); 1=yes, n=98 
(19.5%)
−3.7 (−15.0 to 7.6) 2.3 (−5.7 to 10.4) 0.006 (−0.076 to 0.087)
  Garden 0–1 0=no, n=2 (0.4%); 1=yes, n=503 
(99.6%)
– – – 
Parents’ perception of neighbourhood environment
  Traffic safety 0–1 0=less favourable, n=175 
(35.1%); 1=favourable, n=324 
(64.9%)
4.0 (−5.4 to 13.4) 1.1 (−5.6 to 7.8) −0.023 (−0.091 to 0.044)
  Road network 0–1 0=less favourable, n=161 
(32.3%); 1=favourable, n=337 
(67.7%)
0.2 (−9.4 to 9.9) 0.6 (−6.3 to 7.4) −0.005 (−0.074 to 0.064)
Number of PA facilities n=505 (100%)
  Within 5 min walk 0–6 2 (1; 3) −3.6 (−6.7 to −0.5) 2.0 (−0.2 to 4.2) 0.022 (−0.001 to 0.044)
  Within 10 min walk 0–6 3 (2; 4) −1.5 (−4.5 to 1.4) −0.1 (−2.2 to 2.0) 0.015 (−0.006 to 0.036)
  Within 20 min walk 0–6 4 (3; 5) −1.9 (−4.9 to 1.1) 0.5 (−1.6 to 2.7) 0.014 (−0.007 to 0.036)
  Within 30 min walk 0–6 5 (4; 6) −2.0 (−5.2 to 1.3) 0.7 (−1.6 to 3.0) 0.027 (0.004 to 0.050)
  ≥30 min walk 0–6 1 (0; 2) 1.4 (−1.8 to 4.7) −0.4 (−2.7 to 1.9) −0.021 (−0.044 to 0.002)
  Distance index* 6–30 20 (17; 24) −0.8 (−1.6 to 0.1) 0.3 (−0.3 to 0.9) 0.007 (0.001 to 0.013)
Parents’/guardians’ behaviours
  Taking child cycling 0–2 0=0–2 days/week, n=177 
(35.3%); 1=3–4 days/week, n=174 
(34.7%); 2=5–7 days/week, n=150 
(29.9%)
1.2 (−4.4 to 6.7) −1.1 (−5.0 to 2.9) −0.003 (−0.042 to 0.037)
  Taking child to play sports 0–2 0=0 day/week, n=296 
(59.6%); 1=1 day/week, n=129 
(26.0%); 2=2 or more days/week, 
n=72 (14.5%)
−7.9 (−14.0 to −1.8) 5.3 (1.0 to 9.6) 0.068 (0.024 to 0.111)
  Accompanying going out 0–2 0=0–2 days/week, n=160 
(31.9%); 1=3–4 days/week, n=153 
(30.5%); 2=5–7 days/week, n=188 
(37.5%)
1.2 (−4.2 to 6.6) 1.4 (−2.4 to 5.2) −0.008 (−0.047 to 0.030)
Children’s PA behaviours
  Outdoor play 0–17.5 9 (5.3; 12.5) (hours/week), n=503 
(99.6%)
−1.0 (−1.9 to −0.1) 0.8 (0.1 to 1.4) 0.004 (−0.002 to 0.011)
  Regular cycling 0–1 0=no, n=161 (32.3%); 1=yes, n=337 
(67.7%)
−7.8 (−17.4 to 1.8) 0.4 (−6.4 to 7.3) 0.024 (−0.044 to 0.093)
  Going out by bicycle 0–2 0=never, n=216 
(42.8%); 1=sometimes, n=198 
(39.2%); 2=often, n=91 (18.0%)
−1.3 (−7.3 to 4.8) 1.5 (−2.8 to 5.8) 0.031 (−0.012 to 0.074)
All correlates were adjusted for children’s gender and age, maternal age and educational levels, and siblings in the family. For binary variables, the group with zero 
was defined as the reference group.
Bold: p value<0.05.
*Distance index was synthesised by the six PA facilities in the neighbourhood; higher score meant these places were close to home.
ln, natural logarithm; LPA, light physical activity, means by minutes per day; MVPA, moderate-to-vigorous physical activity, ln transformation of means by minutes 
per day; PA, physical activity; ST, sedentary time, means by minutes per day.
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themselves and their children. Parental support should 
be taken into consideration, when developing active 
neighbourhood-targeted interventions.
In this study, traffic safety and road network were not 
found to be related to children’s LPA or MVPA in Drenthe, 
the Netherlands. Thought a study reported that parental 
traffic safety perceptions were positively associated with 
MVPA in German preschoolers on weekend days.22 Some 
studies found that traffic safety was an important charac-
teristic associated with parents’ reported outdoor play and 
children cycling.28 38 In this study, both a favourable situa-
tion in terms of traffic safety (ρ=0.144, p=0.001) and road 
network (ρ=0.090, p=0.045) were positively correlated to a 
higher frequency of child cycling when they went outside. 
Despite this, it seems that traffic safety and road network 
did not contribute substantially to daily LPA or MVPA 
in preschool children in Drenthe. However, it might be 
expected to be associated with transport/leisure-time 
PA later in school life, for example, active commuting to 
school.38 39
The health benefits of outdoor activity, assuming that 
this leads to higher total PA, have been emphasised by 
several researchers in terms of reducing myopia, devel-
oping motor skills, and along with improving social skills, 
since children learn how to deal with each other.40 More 
and more evidence indicates that unstructured outdoor 
play in 3-year to 12-year olds has declined over time and 
that it has nowadays been replaced by more time using 
electronic media indoors.41 42 This study indicated that 
more outdoor play would not contribute to the MVPA 
guideline but would probably contribute to the SB guide-
line. For example, we found that every additional hour 
spent outdoors per day was associated with 5.6 additional 
minutes of LPA and 7 min less of ST on an average day 
among the Dutch preschoolers in this study. For a global 
public health policy aimed at lower SB and at increasing 
LPA, encouraging outdoor play might prove to be an 
effective strategy in children, since outdoor play is a cheap 
and natural way for children to be physically active.43
An important strength of this study was the good repre-
sentativeness of the study population with regard to socio-
economic position and a large sample size compared 
with similar studies.44 45 This study examined correlates 
of objectively measured ST, LPA and MVPA separately, 
which provided full understanding of environmental 
influences on children's daily behaviours. However, due 
to incomplete data, a considerable number of cases could 
not be included in the analysis. The selection bias was 
small, with a slight bias towards higher-educated fami-
lies but still more representative than other cohorts. An 
important methodological concern is that the evidence is 
based primarily on a cross-sectional study; therefore, chil-
dren’s behaviour before and after environmental changes 
were not evaluated. The measurements of ST, LPA and 
MVPA that after data collection of household charac-
teristics were lasting for (1.7±0.9) years, and during this 
Table 4 Correlation between variables and outcomes in the study
Variables 1. 2. 3. 4. 5. 6. 7.
1. ST
2. LPA† −0.709*
3. MVPA† −0.562* 0.297*
4. Facilities within 5 min’ walk† −0.101* 0.067 0.081
5. Facilities within 30 min’ walk† −0.066 0.036 0.105* 0.487*
6. Distance index†‡ −0.090* 0.047 0.094* 0.787* 0.865*
7. Child’s outdoor play§ −0.120* 0.141* 0.111* 0.027 −0.023 0.013
8. Parents taking child to play sports§ −0.115* 0.111* 0.128* 0.118* 0.157* 0.160* 0.083
*P<0.05.
†Pearson correlation was used.
‡Distance index was synthesised by the six PA facilities in the neighbourhood; higher score meant these places were close to home.
§Spearman correlation was used. 
ln, natural logarithm; LPA, light physical activity, means by minutes per day; MVPA, moderate-to-vigorous physical activity, ln transformation 
of means by minutes per day; ST, sedentary time, means by minutes per day.
Figure 2 Direct and indirect pathways of environmental 
characteristics on sedentary time and moderate-to-vigorous 
physical activity among preschoolers in the GECKO study, 
the Netherlands. Ordinary least square regression-based 
path analysis was used for direct and indirect effects, 
unstandardised β was given in the model, adjusted for 
child age and gender, maternal age and education, having 
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period, there could be some small changes of parents’ 
reported characteristics. Thus, our hypotheses need to 
be tested further, and longitudinal study designs would 
make causality inferences between the predictors and 
activity outcomes more feasible to determine.
COnClusIOns
In conclusion, this study showed that parents’ percep-
tion of neighbourhood PA facilities relates to a lower ST 
and higher MVPA in preschoolers, even in safe and rural 
communities. Convenient neighbourhood PA facilities 
(eg, park and playground) might be positive in encour-
aging children’s PA through parental support for partic-
ipating in sports. For the development of interventions 
for young children, improvement in PA facilities in the 
neighbourhood, promoting parents’ involvement should 
be taken into consideration. Future studies should inves-
tigate the association between both an objective inventory 
(eg, via systematic environmental audits) and measure-
ments of the perception of the effect of the environment 
on activity outcomes, along with using a longitudinal study 
design to test the influence of environmental changes.
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